A new, extended time-series photometry of M3 RR Lyrae stars has revealed that four of the ten double-mode stars show large-amplitude Blazhko modulation of both radial modes. The first, detailed analysis of the peculiar behavior of the unique, Blazhko RRd stars is given. While the P1/P0 period ratio is normal, and the overtone mode is dominant in the other RRd stars of the cluster, the period ratio is anomalous and the fundamental mode has a larger (or similar) mean amplitude than the overtone has in Blazhko RRd stars. The modulations of the fundamental and overtone modes are synchronized only in one of the Blazhko RRd stars. No evidence of any connection between the modulations of the modes in the other three stars is found. The Blazhko modulation accounts, at least partly, for the previously reported amplitude and period changes of these stars. Contrary to the ∼ 50% Blazhko statistics of RRab and RRd stars, Blazhko modulation occurs only in 10% of the overtone variables in M3. Four of the five Blazhko RRc stars are bright, evolved objects, and one has a similar period and brightness as Blazhko RRd stars have. The regions of the instability strip with high and low occurrence rate of the Blazhko modulation overlap with the regions populated by first-and second-generation stars according to theoretical and observational studies, raising up the possibility that the Blazhko modulation occurs preferentially in first-generation RR Lyrae stars.
INTRODUCTION
M3 is one of the globular clusters (GC) rich in doublemode RR Lyrae (RRd) stars, some of them showing a peculiar behavior. The puzzling modal changes of V79, which had been an RRab star before 1992, was a double-mode star with a dominant overtone mode between 1992 and 2007, and has been a Blazhko RRab star since 2007, was analyzed and discussed in details by Clement et al. (1997) , Clement & Goranskij (1999) , Clement & Thompson (2007) and Goranskij et al. (2010) . In a comprehensive study, Clementini et al. (2004) did not find a fully convincing explanation for the anomalously small period ratios of V13 and V200. They concluded:"that both mass dispersion and strong evolutionary effects seem to be present" and that "it may well be that the pulsation models and the theoretical Petersen diagram do not adequately predict masses for variable stars undergoing rapid evolutionary processes". M3 is also unique in that the fundamental mode is dominant in three RRd stars, while the dominant mode is the overtone in the wast majority of the known RRd stars.
The Blazhko effect (Blazhko 1907) , the amplitude and/or phase modulation observed in about 50% of the RRab stars (Jurcsik et al. 2009; Benkő et al. 2014 ) is still one of the unsolved problems of the pulsation of RR Lyrae stars. Among many other ideas which try to explain the phenomenon, time to time, the interaction of near-resonant radial modes is also raised (Borkowskij 1980; Moskalik 1986; Kovács 2009; Gillet 2013; Bryant 2014) . The second overtone has indeed been detected in jurcsik@konkoly.hu many Blazhko RRab stars (Moskalik 2013; Benkő et al. 2014 ) and the first overtone was proposed to explain signals at 0.731, 0.753 and 0.721 frequency ratios in the Kepler data of V445 Lyr, RR Lyr and V360 Lyr, respectively (Guggenberger et al. 2012; Molnár et al. 2012; Benkő et al. 2014) , though the identification of this frequency in V360 Lyr is ambiguous.
The light curves of most of the RRd stars can be completely described with two radial-mode frequencies, their harmonics and linear-combination terms. Minor additional components (Gruberbauer et al. 2007) or rapid period and amplitude changes (modeswitch, Clement et al. 1997; Clementini et al. 1994; Soszyński et al. 2014a; Poleski 2014; Soszyński et al. 2014b) in RRd stars were also detected.
The OGLE-II data showed that a significant fraction of the 1O/2O double-mode Cepheids in the LMC show amplitude and phase modulations of the light curves (Moskalik & Ko laczkowski 2009) . Both radial modes of these stars were modulated with the same modulation period, and the amplitude variation of the modes were anti-correlated. The phenomenon was explained as the non-stationary resonant coupling of one of the radial modes with another radial or non-radial mode, and with the sharing on the excitation sources between the two radial modes. Blazhko-like behavior of double mode RR Lyrae stars has been announced based on the OGLE IV survey of the Galactic bulge just very recently (Soszyński et al. 2014b) .
In this letter, we analyze four double-mode stars showing the Blazhko effect in details, based on a new photometry of M3. The distribution and statistics of Blazhko RR Lyrae stars in M3 are also discussed. HJD-2400000
Fig. 1.-Fundamental-and overtone-mode light curves of Blazhko double-mode stars in M3. Using the complete Fourier solutions of the observed light curves, the data are prewhitened for the other mode, its modulation, and for the linear-combination terms. Synthetic data of the modulated light curves of the modes are drawn in gray. The modulation periods of the F and 1O modes are the same only in V13. The bottom panels plot the phase differences of the maxima of the overtone mode and the nearest maxima of the fundamental mode for each star. The shaded regions in the phase-difference plot of V99 highlights the intervals when P1/P0 is the closest to 3/4.
DATA
An extended photometric campaign to observe M3 was conducted at the Konkoly Observatory in 2012 using the 90/60 Schmidt telescope (Piszkéstető). Data will be published in Jurcsik et al (in preparation) . Accurate light curves of 160, 42 and ten RRab, RRc and RRd stars were obtained, respectively. The flux curves (Alard 2000) of about one-third of the stars are not magnitude calibrated as the zero point of the flux-magnitude transformation is uncertain because of crowding.
DOUBLE-MODE STARS SHOWING BLAZHKO MODULATION IN M3
Nine double-mode stars have been identified previously in M3, but one of them, V79 is a Blazhko RRab star currently. Based on the recent data, two new RRd stars have been detected. The overtone mode also appears in the spectrum of V44, a Blazhko RRab star at a longer fundamental-mode period than what the other RRd stars have, showing complex modulation properties. Most probably, the large amplitude and the complexity of the modulation, as well as the lack of a dense, extended photometric data-set hindered the detection of the fundamental mode in the previous data. The other new RRd star is V125, a normal RRc star showing a small amplitude signal at the fundamental-mode frequency, as well.
Besides the pulsation components and linearcombination terms, large-amplitude signals around the radial-mode frequencies were detected in three known double-mode stars (V13, V99 and V166). Thus, together with V44, four Blazhko RRd stars are identified. The Fourier spectra indicate that both radial modes are modulated on a regular or on a complex way in these stars. Table 1 lists the pulsation and the main modulation periods of the Blazhko RRd stars. The light curves of their fundamental-and overtone-modes are shown in Figure 1 . The data are prewhitened for the pulsation and the modulation frequencies of the other mode and for all the linear-combination terms. The synthetic data of the modulated light curves are drawn in gray. The amplitude and phase variations of the modes and the temporal P1/P0 period ratio derived from the synthetic data are shown in Figure 2 . Both the amplitude-and the phase-modulation of the modes are anti-correlated in V13. This type of behavior is the same as observed in the Blazhko 1O/2O Cepheids (Moskalik & Ko laczkowski 2009) . The other three stars show, however, quite diverse modulation properties of the radial modes. We find no evidence of an influence of the radial modes and their modulations on each other. The only common features are that both modes are modulated in each Blazhko RRd star; the rapid phasechange (either positive or negative) is connected to the amplitude-minimum of the respective mode (a typical feature of Blazhko stars); and that the amplitude and amplitude variation of the fundamental mode are larger (or the same for V99) than those of the overtone mode.
The phase differences of the maxima of the overtone mode and the nearest maxima of the fundamental mode are plotted in the bottom panels of Figure 1 . As the period ratios do not equal to 3:4, depending on the value of P 1/P 0, the phase differences of the modes are similar after each dt = P 1/(1 − 1.25 * P 1/P 0) cycle. Although the phase variation of the modes perturbs these cycle lengths for some extent, both the phase-difference plots in Figure 1 and the dt values given in Table 1 suggest that the modulation periods are not in connection with the cycle lengths of the onset of similar, close-resonance conditions.
The most interesting star is V99, because its P1/P0 period ratio is very close to 0.75. As its overtone mode is strongly phase modulated, the temporal period ratio is even larger than 3:4 around the minimum amplitude phase of the overtone. When this happens (shaded in gray in Figure 1 ) the phase differences of the modes are constant for a while. However, the fixation of the modes occurs at different phase-relations in the different cycles. Even when the modes are locked at the times of the maxima (one of the possible phase differences is around zero), a new Blazhko cycle starts and the phase lock is soon dissolved. Still in this case, the (near-resonant) radial mode do not seem to influence the pulsation and/or modulation of the other mode.
In Figure 3 , the P 1 /P 0 period ratios of M3 RRd stars are shown in comparison with some samples of RRd stars (compilation by McClusky 2008; Wils 2010; Walker & Nemec 1996; Cseresnjes 2001; Soszyński et al. 2011) .
The non-Blazhko RRd stars (V68, V87, V125, V200, V251 and V252) have normal period ratio, but the four Blazhko RRd stars have anomalous values. The period ratios are 0.008-0.014 smaller and 0.005 larger than normal for V13, V44, V166 and for V99, respectively. According to pulsation models, period ratios this low are only possible for stars with high metallic- ity (Z > 0.0015) and/or with strongly reduced mass values (Clementini et al. 2004; Soszyński et al. 2011) . To explain the too large period ratio of V99, other sign of anomalies were needed. It is quite unlikely, however, that four of the ten RRd stars in M3 would indeed have anomalous mass/metallicity values.
RRd stars with similarly peculiar period ratios have been detected only in the galactic bulge (Soszyński et al. 2011) . The recent finding that many RRd stars in the bulge also show the Blazhko effect (Soszyński et al. 2014b) suggests that, maybe, Blazhko RRd stars have anomalous period ratios in the bulge, as well.
DISTRIBUTION OF BLAZHKO STARS
The distribution of Blazhko stars among fundamental, double-mode and overtone variables in the P − < V > int plane and the histograms of the Blazhko statistics are shown in Figure 4 .
The Blazhko statistics of RRab stars are 50% in M3 (Jurcsik et al in preparation) . Both normal brightness (OoI) and over-luminous (OoII) RRab stars show lightcurve modulation.
Discarding V79, the Blazhko occurrence rate is 4/10 for RRd stars; together with V79, it is 5/11. The mean V magnitudes of the Blazhko RRd stars are close to the brightness of the Zero-Age Horizontal Branch (ZAHB), and this is true for V79, as well. However, as only one bright RRd star is detected (V87), the statistics of evolved RRd stars are senseless. Residual signals at the pulsation frequencies are detected only in five of the 42 observed overtone stars. Four of them are over-luminous; the Blazhko statistics are again 50% (4/8) in the subsample of evolved, bright overtone stars. The fifth overtone Blazhko star (V140) is very close in period and brightness to the RRd stars. Without the evolved variables, only about 3% (1/34) of the RRc stars show the Blazhko effect. It seems that the Blazhko instability does not act in overtone variables close to their ZAHB position in M3. 
DISCUSSION AND CONCLUSION
There has been a long-time debate whether the modal content of RRd stars in M3 is changing (Clement et al. 1997; Clementini et al. 2004; Benkő et al. 2006) . Clementini et al. (2004) concluded that "... both the extent and actual role of evolution on the period/mode variations of the RRd stars still remain unclear ... if evolution is not the culprit of the mode switching observed in the M3 RRd's, as suggested by Purdue et al. (1995) , one must invoke some unknown instability that may be responsible for the changes in period ratios, amplitude ratios, and/or dominant pulsation modes". On the contrary, based on data simulations, Benkő et al. (2006) argued that the modal content of RRd stars are stable, and the "formerly published mode-switching events were the over-interpretation of badly sampled observations".
The present study has revealed that the light curves of each RRd star with a contradictory historical record of the amplitudes/periods of the modes are Blazhko modulated. Because of the incomplete Blazhko-phase coverage of the previous, not enough extended and/or sparse photometric data-sets, the amplitude-and phasemodulations of the modes have led to a large spread in the measured amplitudes/periods of the modes. Instead of evolutionary or mode-switching episodes, the Blazhko modulation is the "unknown instability" that explains most of the observed changes. Clementini et al. (2004) failed to give a comprehensive explanation for the anomalously low, 0.738 and 0.739 period ratios of V13 and V200. The recent data have made it possible to determine the period ratios with a high accuracy. The results have shown that the period ratio of V200 is normal, but it is as small as 0.731 in V13. The other three Blazhko RRd stars have anomalous period ratios, too. It is important to note that not only the period ratio is low, but the fundamental-mode period is longer than expected for a normal RRd star in V44 . This is also the case for the three Blazhko RRab stars which probably show the first overtone mode at anomalous period ratio in the Kepler data (Guggenberger et al. 2012; Molnár et al. 2012; Benkő et al. 2014) . Extreme values of the fundamental-mode periods and of the period ratios of RRd stars are observed exclusively in stars showing the Blazhko effect.
V119/M3, a normal RRab star had not shown lightcurve modulation in the earlier photometric data, but a strong amplitude modulation was detected in the 2009 (Jurcsik et al. 2012 ) and in the currently concerned 2012 observations. The fundamental-mode period was 0.0002 d shorter according to the 2009-2012 data than it had been previously. The mean amplitude of the modulated light curve is the same as the amplitude of the stable-light-curve data. Therefore, a nonlinear shift does not explain the period decrease of V119. A similar order of pulsation-period increase (0.0003 d) has been accompanied the cease of the modulation of OGLE-BLG-RRLYR-07605 (Soszyński et al. 2014b) . Although the onset/cease of the modulation seems to influence the pulsation period, its extent is too small to explain the anomalous period ratios of the Blazhko RRd stars, and the too long fundamental-mode periods of V44.
Period changes of the order of about one hundredth of a day have been detected in some of the Blazhko RRd stars. A detailed analysis of their long-term behavior shows that the different components of the multiplets are the largest-amplitude signals at different epochs in these cases (Jurcsik et al. in preparation) . However, none of the possible pairs of the components of the multiplets at the fundamental and overtone modes yields a reasonable period ratio. The question, why and how the modulation influences the periods, hence the period ratios, remains to be solved. The detection of Blazhko modulation in RRd stars warns, that similarly to other Blazhko stars, the pulsation models fail to describe these stars properly.
The Blazhko statistics of the different samples of RR Lyrae stars shown in Sect 4 raise the question that why are so few Blazhko stars among overtone variables? And why are most of the Blazhko RRc stars evolved, overluminous objects?
In the last decades, evidences have came to light that the star formation in GCs cannot be described as a single episode. The chemical inhomogeneities and anomalies detected in many recent globular-cluster studies (for a review see Gratton et al. 2012 ) indicate a complex evolutionary history. The observed variations in the abundances of the helium and the proton-capture process elements are supposed to be the results of selfenrichment processes connected to the multiple starformation episodes during the early evolution of the GCs. Modeling the HB of the GCs has led to the conclusion that a surprisingly high fraction (20 − 100%) of the samples are chemically anomalous, helium-enriched secondgeneration objects . The complex evolutionary and dynamical history of the GCs is the clue to understand the structure of the HB and the distribution of RR Lyrae stars, as well as their properties within the instability strip (IS).
Modeling the color distribution of the HB stars and the period distribution of the RR Lyrae stars in M3, argued that its blue HB consists mainly from He-enhanced, second-generation stars, and that most of the RRc stars belong to this population. According to their study, RRc stars with a period shorter than P 1O = 0. They have concluded that the IS of an M3-like cluster is populated mostly by first-generation stars, but at the blue edge, third-generation objects with larger He content and smaller mass are also found. Contrary to these results, an upper limit of 0.01 for the He enhancement of the blue HB of M3 was given by Catelan et al. (2009) .
Supposing that there is no spread in the metallicity of the variables, their positions on the HRD depend basically on their mass and HB evolutionary stage. The Blazhko RRd stars, close to the ZAHB magnitude, are, most probably either still close to their ZAHB position or they are evolving blueward. However, as V79 shows, this evolution is not always smooth and continuous. The similar Blazhko statistics of RRab and RRd stars points to that either both RRd and RRab stars have a property that makes them susceptible for the Blazhko instability equally, or that the RRd stars have evolved from RRab stars, inheriting their modulations.
Presumably, the bright RRc stars with Blazhko statistics similar to the statistics of RRab/RRd stars are already evolved objects. As the mass of the secondgeneration stars is smaller than the mass of the firstgeneration objects, their evolution is slower than the evolution of the first-generation stars. Therefore, we suppose that the evolved RRc stars belong to the first generation, too.
We thus conclude that, the groups of RR Lyrae stars with Blazhko statistics around 50% (RRab, RRd, and the over-luminous RRc sample) may belong to the firstgeneration of the cluster. Following the studies of ; Dalessandro et al. (2013) and Jang et al. (2014) , we propose that the normal brightness stars hotter than B − V ≈ 0.35 mag, i.e., the RRc stars which do not show the Blazhko effect, are members of the second/third generation of the cluster. Based on the modest helium enhancement and mass difference of this subsample indicated by the U V study, supposedly they are second-generation stars.
If this is indeed the case, then the appearance of the Blazhko modulation in M3 is connected to the evolutionary and chemical history of the stars, as the modulation occurs mostly (or exclusively) in first-generation objects. There are other indications supporting that the Blazhko effect occurs preferentially in first-generation stars, as well. .) The generation differences may also answer why the Blazhko effect is less frequent in overtone variables than in fundamental-mode stars (Moskalik & Poretti 2003) like in M4 (Stetson et al. 2014) , in the SMC (Soszyński et al. 2010b ) and in the Galactic bulge (Soszyński et al. 2011) . As the second/third-generation stars occupy bluer loci on the HB than first-generation stars (D'Antona et al 2002; Gratton et al. 2012 ), a larger fraction of RRc stars are suspected to belong to the second-generation than of RRab stars.
